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Abstract—The implanted device discussed here is an artificial
sphincter that utilizes shape memory alloy (SMA). To provide an
independent evacuation for the patients using artificial anus, this
device is implanted into their body. It receives driving energy by a
transcutaneous energy transmission system using an electromag-
netic coupling of a coil pair. This artificial sphincter operates ac-
cording to the phase transformation of the SMA. Temperature con-
trol in the living body is necessary in order to heat the SMA to
its phase transformation completion temperature. Taking advan-
tage of the needless of a power supply for the temperature control
circuit, we examined the way of controlling electric power to be
transmitted by the transformer consisting of thermosensitive mag-
netic ferrite core. The SMA temperature is controlled by using the
Curie-point of the ferrite attached to SMA as a reference temper-
ature. Phase transformation completion temperature of the SMA
that we used is 55C. The purpose of this system is to automatically
prevent overheating of the SMA above 55 C. Actually, because
the electric power transmitted through the transformer decreases
smoothly as the temperature rises to the Curie-point, the temper-
ature of the SMA becomes stable to a point at which the heat con-
duction of the SMA balances the heat generated by the heater.
Index Terms—Curie temperature, shape memory alloy, ther-
mosensitive magnetic ferrite, transcutaneous energy transmission
system.
I. INTRODUCTION
T HE research of implanted devices became popular ac-cording to the development of medical field in recent
years. In those devices, we refer to an artificial valve called an
artificial sphincter [1].
Imperforate anus is one of many inborn deformities. The ar-
tificial anus is temporarily made in the abdomen, at that time it
brings the long-term difficulty of evacuation and its control. It
is said that imperforate anus occurs at a rate of about 1 of every
2000 birth. As they have no problem with intellectual functions
or movements in almost all of these patients, independent evac-
uation brings them quality of life (QOL) improvement as well.
It may be possible to realize the improvement by using the arti-
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Fig. 1. Structure of the SMA artificial sphincter. Flexible heaters are attached
to the SMA’s in order to bend them. Driving energy is contactlessly provided for
this implanted device, using magnetic coupling between two coils from power
supply outside the body to inside through the skin.
ficial sphincter, because its opening and shutting off substitutes
for sphincter and externus’s independent evacuation function.
The people who remove their rectum anus parts are another pa-
tients who use artificial anus. These patients are often worried
bout the evacuation pouch, its bad smell and so on, and artifi-
cial sphincter is an effective solution for those problems as well.
We used an artificial sphincter utilizing shape memory alloy
(SMA) that changes its shape according to temperature. Fig. 1 il-
lustrates a structure of the device we propose. The SMA consists
of Ni and Ti. The anal canal is placed between two boards fabri-
cated from SMA. The flexure of the SMA boards in response to
being heated by flexible heaters attached to these boards effects
opening anal canal. Because it is said that the metal fatigue of
the SMA occurs after about uses, it can be used for a consid-
erably long time even if it is used 3 times daily. SMA is covered
with silicone pillow, and it has conformity with the living body
i the contact point with anal canal. A silicone pillow fills the
role of an insulator so as not to transmit the heat of the heater
to the body. If the SMA temperature is about the phase transfor-
mation completion temperature, temperature of the body keeps
about 42 that is the tolerable temperature for tissue of living
body.
To provide driving energy, we use transcutaneous energy
transmission system (TETS) [2], [3] that is often used as
the method for contactless transmission of electric energy to
implanted devices. This method transmits electric power using
0018-9464/03$17.00 © 2003 IEEE
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Fig. 2. Equivalent circuit of artificial sphincter with transcutaneous energy
transmission system and temperature control system utilizing thermosensitive
ferrite core.
magnetic coupling with two coils from power supply outside
the body to inside through the skin. As a result, patients are
free from wires and from risk of infection. We set the excitation
frequency to 100 kHz.
To control temperature we controlled system output power at
the heater as the load resistance using thermosensitive magnetic
ferrite. Thermosensitive magnetic material [4] changes the mag-
netic properties suddenly according to the fluctuation in temper-
ature of the magnetic material. The Curie temperature is used as
a reference temperature [5].
II. TEMPERATURECONTROL SYSTEM
A. Outline
Phase transformation completion temperature of the SMA
that we used is 55 , so that our purpose is automatic weak-
ening of the heater output power when the temperature of the
SMA rises up to 55 . This system utilizes the thermosensitive
ferrite as a transformer. No power supply for sensor or control
circuit is needed. Fig. 2 shows the equivalent circuit with the
TETS and the temperature control system utilizing thermosen-
sitive ferrite. As a transformer, the thermosensitive ferrite core
is inserted in front of the heater of the artificial sphincter that
is a load on the equivalent circuit. The ferrite transformer can
transmit electric power to the load resistance under 55, but
not transmit over 55 because of disappearance of magneti-
zation of the thermosensitive ferrite.
B. Thermosensitive Transformer Utilizing Hybrid Ferrite Core
Fig. 3 shows the structure of the thermosensitive transformer.
The sensor transformer uses a hybrid core as shown in Fig. 3,
because it is favorable in the improvement of heat transmission
and the miniaturization of the transformer.
The hybrid core consists of two parts of different ferrite,
generic ferrite core and thermosensitive ferrite core. The Curie-
point of the generic ferrite is sufficiently high, it is no need to
take it into consideration here. Length of the generic ferrite
core is 4 mm, and width is 3 mm. Thickness is 2 mm. Length
of the thermosensitive ferrite core is 10 mm. Both width and
thickness are 3 mm. The winding is wound at the generic ferrite
part. The surface of the thermosensitive ferrite touching the
SMA can be fully secured, by considering the wire thickness
of the winding, that is why the heat transmission is improved.
Fig. 3. Structure of thermosensitive transformer utilizing hybrid ferrite core.
This transformer senses the SMA temperature and controls the heater output
power.
Fig. 4. Temperature characteristic of the coupling factor between primary and
secondary of the thermosensitive transformer.
Effective saturation magnetic flux density of the generic fer-
rite is 520 mT, and that of the thermosensitive ferrite is 250 mT
at room temperature. The hybrid core becomes hard to be satu-
rated on the whole, compared with the core consisting of only
the thermosensitive ferrite. Therefore the size of the transformer
can be kept small.
The composition of the generic ferrite is Mn–Zn, and that
of the thermosensitive ferrite is Ni–Cu–Zn. The relative per-
meability of the generic ferrite and thermosensitive ferrite is
2500 and 1800, respectively at room temperature. We set the
Curie-point of the thermosensitive ferrite to 60, at this point
the relative permeability of the thermosensitive ferrite drops to
1, and the effective permeability of the ferrite core also drops
rapidly. The magnetic reluctance of the magnetic circuit (the hy-
brid core) is given at
(1)
is average cross-sectional area of the magnetic path, andis
average length of the path. At over the Curie-point, the magnetic
r luctance becomes large compared with the normal tempera-
ture reluctance. Then the coupling of the transformer becomes
weak as shown in Fig. 4.
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Fig. 5. Temperature characteristic of the heater output power through the
thermosensitive transformer.
III. EXPERIMENTS
A. Changes of Heater Output Power With Temperature
A load is connected to one thermosensitive ferrite trans-
former, and we examined the temperature dependence of
electric power transmitted. When the heater obtains electric
power of 1.5, 3.0, and 3.5 W, respectively as the electric
output power under the Curie-point, the output varies with
temperature as shown in Fig. 5. The smooth decrease of the
output power was confirmed around the Curie temperature. As
the transmitted electric power becomes high, the beginning
temperature of the rapid decrease of output power tends to be
lower, because the temperature characteristic of the saturation
of magnetic flux density in the thermosensitive ferrite starts
decreasing before the Curie-point. This is the reason why we
set the Curie temperature to 60 , not set to 55 , the SMA
metamophorsis completion temperature.
B. Temperature Control by Thermosensitive Ferrite
Transformer
The thermosensitive ferrite transformer is placed on SMA
board. The transmission electric power to the heater was con-
trolled automatically. The case of output power of 3.0 W is
shown in Fig. 6. The temperature of SMA rises to about 58,
and the temperature rise stops at the point. The electric power
transmitted through the thermosensitive transformer decreases
smoothly against the temperature rise around Curie-point, and
then the transmission power is in equilibrium due to the nega-
tive feedback from heating of the SMA. Therefore, it achieves
sufficient effect from the viewpoint of temperature control. The
artificial sphincter consists of two SMA boards. Two sensor
transformers being used and placed on several SMA, and they
are controlled independently. Fig. 6 also shows the temperature
Fig. 6. Comparison of the SMA temperature between with control and without
control.
change of the SMA without temperature control. The tempera-
ture is raised over 90 , which is too hot to use in the living
body though the silicone heat insulation exists, so temperature
control is significant.
IV. CONCLUSION
We examined temperature control for an artificial sphincter as
an implanted device. Though the thermosensitive ferrite is used
as a part of the core of the sensor transformer, the magnetic prop-
erty is observed clearly. The function as the thermo-sensor is
sufficient. Temperature control at 60 was confirmed by using
thermosensitive magnetic ferrite transformer with TETS. We
also confirmed that power supply for sensor drive and special
circuit for correcting the standard temperature are runnecessary.
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